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Figure 1: The electrophoretic mobility p, against
ionic strength of salt ions nsf (above), Figure 2: A
rod-shaped macroion and adsorbed ions (bottom)
the phenomenon.
We have confirmed that the multivalent Z-ion cor-
relation energy at the threshold of the charge inver-
sion is
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with Rws the Wigner-Seitz cell radius of the ad-
sorbed Z-ions. This agrees with our previous molec-
ular dynamics simulations where the threshold oc-
curs around Qo/ 0.5, irrespectively of the
charge Qo and radius Ro of the macroion [2].
Figure 2 shows the charge inverted macroion
through adsorption of the Z-ions (dark gray) and
monovalent counterions (light gray). There, we see
the formation of a well developed network of ions on
the surface of the macroion. This makes adsorbed
ions intact against thermal fluctuations and less sus-
ceptible to desorption under monovalent salt.
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As the realization of the strongly Coulomb-
coupled system in the electrolyte (ionic) solution,
the charge inversion phenomenon occurs closely in
our daily products and life, including the living
cells and DNA, not in distant astronomical envi-
ronments. Charge inversion (or, overscreening) is
the phenomenon where a macroion attracts large
number of oppositely charged counterions so that
the charge sign of the whole complex becomes in-
verted [1]. Two conditions need to be satisfied for
this phenomenon: (i) e2/EakBT > 1, (ii) Z 2,
namely, strong Coulomb attraction forces and mul-
tivalent counterions (Z-ions) are required.
Following our studies of the charge inversion with
the static model [1] and the dynamical model with
an applied electric field [2], the effect of asymmet-
ric salt and charge inversion threshold under the
screening by the monovalent salt have been exam-
ined [3].
In our molecular dynamics simulations, all ions
including the macroion interact with the Coulomb
potential forces which are calculated pairwise,
= -qi'V ZiZje2/lri - rjl. Also, all
ions and neutral particles (solvent) interact un-
der the volume exclusion effect which is calculated
by the Lennard-Jones potential forces, (rid =
<PLJ(ri,rj), where <PLJ = 4E[(A/rij)1 -
(A/rij )6] for rij = Iri - rjl 21/6A, and <PLJ = -E
otherwise to exclude the attraction part. Since the
applied electric field does work on the ions, the Joule
heat is drained by a heat bath, which is located at
the boundaries of the simulation box and acts only
on neutral particles.
Figure 1 shows the dependence of the elec-
trophoretic mobility p, = Vx / E on ionic strength
(density) of salt ions nsf (a: ion radius) for three
cases with (a) strongly charged (filled circles), (b)
mediumly charged (open circles) and (c) weakly
charged rod macroion (squares). Here, Vx is the
macroion drift speed along the electric field, E (> 0)
is the applied electric field. The fact that the drift
occurs in the positive x direction (i.e., p, > 0) for
the negative macroion charge is a direct proof of the
charge inversion. It is counterintuitive and interest-
ing that the addition of small amount of salt ions
enhances the charge inversion instead of screening
the electric field and reducing the overcharging [3].
Of course, further addition of the salt ions simply
screens the electric field everywhere and suppresses
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